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Abstract
Background: Worldwide, 14.9  million infants (11%) are 
born preterm each year. Up to 40% of preterm births 
(PTBs) are associated with genital tract infections. The 
vaginal pH can reflect changes in the vaginal milieu and, 
if elevated, indicates an abnormal flora or infection.
Objective: The aim of the study was to investigate whether 
an increased antenatal vaginal pH >4.5 in pre-labour preg-
nant women is associated with an increased PTB rate <37 
completed weeks gestation.
Search strategy: Key databases included SCOPUS, 
EMBASE, MEDLINE, PsycInfo and the Cochrane Central 
Register of Controlled Trials, complemented by hand 
search, up to January 2017.
Selection criteria: Primary research reporting vaginal 
pH assessment in pre-labour pregnant women and PTB 
rate.
Data collection and analysis: Data extraction and 
appraisal were carried out in a pre-defined standardised 
manner, applying the Newcastle-Ottawa scale (NOS) 
and Cochrane risk of bias tool. Analysis included calcu-
lation of risk difference (RD) and narrative synthesis. It 
was decided to abstain from pooling of the studies due to 
missing information in important moderators.
Main results: Of 986 identified records, 30 were included 
in the systematic review. The risk of bias was considered 
mostly high (40%) or moderate (37%). Fifteen studies 
permitted a calculation of RD. Of these, 14 (93%) indi-
cated a positive association between increased antenatal 
vaginal pH and PTB (RD range: 0.02–0.75).
Conclusions: An increased antenatal vaginal pH >4.5 may 
be associated with a higher risk for PTB. It is recom-
mended to conduct a randomised controlled trial (RCT) to 
investigate the effectiveness of antenatal pH screening to 
prevent PTB.
Tweetable abstract: Pregnant women with an increased 
vaginal pH >4.5 may be at higher risk to experience pre-
term birth.
Keywords: Abnormal flora; infection; pregnancy; preterm 
birth; systematic review; vaginal pH.
Introduction
The prevention of preterm birth (PTB) poses a global chal-
lenge as PTB affects the short and long-term health of chil-
dren, adolescents and adults [1–3]. Worldwide, 14.9 million 
infants (11%) are born before 37 completed weeks of ges-
tation each year. The prevalence not only varies globally, 
but also within Europe, where PTB rates range between 
5.2% in Iceland and 10.4% in Cyprus [1, 4].
Up to 40% of PTBs are associated with genital tract 
infections [5–7]. The vaginal pH can reflect changes in the 
vaginal milieu and an elevated vaginal pH in pregnancy 
indicates an abnormal flora or infection [8]. It may there-
fore serve as an indicator of a local infection at an early 
stage [9]. Furthermore, an increased vaginal pH ≥5.0 in 
pregnancy is associated with more caesarean sections, 
poorer neonatal outcomes and increased admission rates 
to a neonatal intensive care unit [10].
In numerous studies, bacterial vaginosis (BV) has 
been discussed as a cause for PTB [11–14]. However, a 
Cochrane review showed that an effective eradication of 
BV during pregnancy did not decrease PTB rates [15].
It was suggested that a routine measurement of the 
antenatal vaginal pH could reduce the overall PTB rate 
through a more rapid identification and subsequent treat-
ment of abnormal vaginal flora [9, 16]. In 2000, promis-
ing results from a study in Thuringia, Germany, suggested 
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a reduction of PTB rates from 7.7 to 6.8% if women self-
assessed their antenatal vaginal pH and sought treatment 
accordingly [17]. This prompted an implementation of a pH 
self-assessment programme in five German federal states, 
which was later established nationwide albeit a lack of 
rigorous evidence for its benefits [18]. An evaluation of 
the project, which compared the outcome of women who 
did or did not request the test kits, found no efficacy in 
pH self-testing for the prevention of PTB [19]. Overall, 
observational study findings remain heterogeneous 
and sources of heterogeneity include different sampling 
(e.g.   convenience [13, 20–24]), frequency of pH measure-
ment (single measurement [10, 24–34] vs. multiple meas-
urements [9,  19–22, 35–42]) and different pathological pH 
definitions in the comparison groups (>4.2 to ≥5.0).
It is therefore an unanswered question, whether a 
routine assessment of the vaginal pH, either by self-exam-
ination or by examination through a health professional, 
can contribute to reduce PTB. Consequently, we con-
ducted a systematic review in order to investigate whether 
an increased antenatal vaginal pH >4.5 is associated with 
an increased PTB rate in pre-labour pregnant women of 
any gestational age.
Methods
The protocol for this systematic review was registered 
with PROSPERO [43]. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) were 
applied [44, 45].
Search strategy
The search strategy followed the population-interven-
tion-comparison-outcome framework [46]. No language, 
publication date or publication status restrictions were 
imposed. Keywords for the search were in German and 
English. English terms included the following: pregnancy, 
antenatal, antepartum, gestation, vaginal pH, vaginal 
flora, preterm and premature. The search terms were 
applied to the database SCOPUS and to the platforms 
PubMed, Web of Science and OVID, which covered, among 
others, the databases EMBASE, MEDLINE and PsychInfo. 
In addition, the Cochrane Central Register of Controlled 
Trials (CENTRAL), the Centre for Review and Dissemina-
tion (CRD), the Clinical trials registry and ProQuest Disser-
tations and Theses Global were searched. Covidence® was 
used after initial title screening to facilitate abstract and 
full-text screening. The complete search was conducted in 
March 2016 and updated in January 2017.
Selection criteria
All original materials reporting data on the vaginal pH of 
pre-labour pregnant women together with data on the ges-
tational age at birth were included. Both randomised and 
non-randomised controlled studies were considered. The 
eligible population consisted of pregnant women of any 
gestational age before the onset of labour. There were no 
restrictions on the measurement type for the vaginal pH, 
which included test strips, swabs, modified examination 
gloves, modified panty-liners and the use of electronic 
pH-meters. The complete vaginal area was included, com-
prising the vaginal vestibule, vaginal canal and anterior 
and posterior vaginal fornix. All measurement regimes 
were eligible, comprising single measurements up to 
serial measurements. The primary outcome measure was 
PTB, which was defined as birth before 37 completed 
weeks gestation.
Study selection
After the collection of records, duplicates were identified 
and removed. The eligibility assessment was performed 
on the remaining articles independently in a blinded 
standardised manner by two reviewers (MW and NR). 
The assessment was carried out in three phases, each 
preceded by a pilot (Figure  1). First, all records were 
screened based on the title. Second, the remaining arti-
cles were screened based on the title and abstract. In this 
phase, because information about the measurement of 
the pH was frequently not obtainable from the abstract, 
all publications which mentioned the vaginal milieu were 
moved forward for full-text screening. Third, the full-texts 
of records were assessed. Studies in languages other than 
English or German were assessed by native speakers. Con-
flicts during the second and third screening phase were 
resolved by consensus and where no consensus could be 
reached, a third reviewer (SG) was consulted.
Records were excluded if women in the sample were 
already in labour, if no pH measurement was available, 
if the PTB rate was not assessed or if the report did not 
present original material. If the same study was reported 
in multiple publications, only the most recent or the most 
complete publication was included. Furthermore, studies 
were excluded if the only published information was an 
abstract.
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Finally, studies were excluded if the pH was only 
measured to diagnose BV, as this provided insufficient 
information to make this study eligible for inclusion.
Assessment of risk of bias
All included studies underwent an individual assess-
ment of their risk of bias, which was carried out by 
four researchers (MW, AK, LS, SG) in a standardised, 
blinded manner. Randomised controlled trials (RCTs) 
were assessed with the Cochrane tool for risk of bias 
assessment [47]. Non-randomised studies underwent a 
risk of bias assessment on the basis of the Newcastle-
Ottawa scale (NOS) [48, 49]. The scale allows a maximum 
score of nine stars and was adapted to the study topic 
after agreement by all authors prior to its application. 
Conflicts during the assessment of risk of bias were 
solved by  consensus (MW, LS, SG, MG).
Data extraction and analysis
Data were extracted into an Excel® sheet (MW) and was 
reviewed for correctness (LS, GS) in a standardised 
manner. Missing data items were requested from the 
authors. For analysis, the software Stata® version 14.0 was 
used. The primary outcome was evaluated using the 
absolute risk difference (RD) where RD > 0 implies higher 
risk for PTB in the increased pH group. A pathological 
pH was defined as >4.5 [50, 51]. Information on the NOS 
was included in the forest plot to investigate any possi-
ble association between study quality and effects. A total 
NOS score of <7 was considered as poor study quality. A 
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Figure 1: PRISMA flow diagram of included studies (n = 30).
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funnel plot was drawn to investigate the presence of possi-
ble small-study effects [52]. It was decided to abstain from 
pooling the studies due to missing information in impor-
tant moderators, which would render the evaluation of 
heterogeneity in a random-effects model impossible [53]. 
Details of the data extraction procedure, author contact 
and pre-planned analysis can be found in the published 
review protocol [43].
Results
The search yielded 1660 records from the search of elec-
tronic databases and 85 records from other sources. Seven 
hundred and fifty nine records were identified as dupli-
cates, leaving 986 records available for screening. Of 
these, 135 were assessed in full-text and 105 were excluded 
(Figure 1). Review of the reference lists of included articles 
revealed no further eligible studies. The screening process 
identified 30 articles eligible for this systematic review, 
of which two were RCTs, 27 cohort studies and one case-
control study (Figure 1). Fifteen studies did not provide 
numerical information on either the outcome or exposure 
(n = 4) [35, 38, 40, 42] or both (n = 11) [9, 19, 20, 22, 25–28, 
34, 36, 39]. For 15  studies, the RD and 95% confidence 
interval (CI) were calculated (Figures 2 and 3).
Initially, all 30  studies included in this system-
atic review are presented narratively, followed by an 
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Figure 2: Forest plot with study-specific risk difference (RD) for increased versus normal antenatal vaginal pH and PTB (n = 15).
Figure 3: Funnel plot with study-specific risk difference (RD) for 
increased versus normal antenatal vaginal pH and PTB (n = 15).
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 complete numerical information, using a forest plot and 
funnel plot.
The 30 eligible studies were published between 1987 
and 2015. Most frequent geographical origins were the 
USA (n = 8) [24, 26, 29, 31, 32, 38, 40, 54] and Germany 
(n = 7) [9, 19, 22, 33, 34, 36, 37]. Most studies were con-
ducted in high-income countries (n = 22) [9, 19, 20, 22, 
24–26, 28–34,  36–40, 42, 54, 55] and upper-middle income 
countries (n = 5) [10, 13, 21, 41, 56]. The median age of par-
ticipants was 27  years (mean range of 22.35–32.35) and 
the median gestational age range at the study entry was 
16–26 weeks. Twelve (40%) studies [9, 19, 22, 25, 27, 30, 33, 
36–38, 40, 42] included women with twin pregnancy and 
19 (63%) studies [9, 10, 20, 22–24, 26–28, 31, 32, 34–37, 39, 
40, 42, 54] included women with a history of PTB.
The frequency of vaginal pH measurements was 
mostly single (48%, n = 12) [10, 24–34] followed by two 
(12%, n = 3) [21, 41, 42] or four measurements (4%, n = 1) 
[35] and multiple measurements with unknown frequen-
cies (36%, n = 9) [9, 19, 20, 22, 36–40]. The vaginal pH was 
measured mostly by one of the researchers (83%, n = 25) 
[10, 13, 20–34, 38–42, 54–56], whereas in five studies (17%) 
[9, 19, 35–37] the  participating women measured their 
vaginal pH by themselves. Most studies distinguished 
normal from pathological pH (87%, n = 26). The definition 
of pathological pH varied across studies with the majority 
using a threshold of >4.5 (27%, n = 8) [9, 22, 24–27, 30, 40] 
or ≥5.0 (20%, n = 6) [10, 21, 31, 38, 54, 55]. The methods 
to assess the vaginal pH were colour sensitive indicator 
strips (67%, n = 16) [10, 13, 21, 23–26, 28, 29, 31, 32, 34, 35, 
41, 54, 56], colour sensitive test gloves (17%, n = 4) [9, 19, 37, 
55], application of vaginal fluid from a swab to a pH micro-
computer (8%, n = 2) [20, 39] or a combination of these 
methods (8%, n = 2) [22, 36]. Information on the interval of 
the measurement method was given by nine (30%) studies 
and included 0.1 [24, 35], 0.3 [28, 29, 36, 37, 39] and 0.5 [13, 
54] pH units. The great majority of the included studies 
defined PTB as delivery <37 weeks and 0 days (70%, n = 21) 
[9, 10, 13, 19, 21, 24–27, 29, 31–33, 35–41, 55], whilst two used 
36 weeks [54, 56] and one used 34 weeks [34] as the cut-off.
Of the 28 included non-randomised studies, 11 cohort 
studies and one case-control study provided a total score 
<7 according to NOS, indicating a high individual risk of 
bias. Four studies provided a particularly low NOS score 
of 3 [36] or 4 [9, 22, 37]. Both RCTs had a moderate risk of 
bias (Table 1) [35, 40].
Synthesis of results
Fifteen studies provided sufficient information for the 
calculation of RDs and 95% CIs (Figures  2 and 3). The 
majority of the 15 non-randomised studies provided evi-
dence of smaller risk for PTB in the group with normal 
pH (Figure 2). Overall, the studies provided large effects 
(RD range 0.02–0.75). In the two studies which defined 
pathological pH as >4.2 the difference in the PTB risk 
appears particularly large (RD 0.30, 95% CI 0.13–0.46 
[33] and RD 0.50, 95% CI 0.37–0.63 [23]). The study by 
Matijevic et al. (2010) appears as an outlier, with an RD 
of 0.75 (95% CI 0.53–0.96) [55]. Although this study was 
assessed as having a low risk of bias (NOS score of 9), it 
has a particularly imbalanced group size [n (case) = 14 vs. 
n (control) = 302]. Four studies failed to provide strong evi-
dence in favour of normal vaginal pH as the interval lines 
intersect the vertical line of null effect [13, 31, 32, 37]. Only 
the study by Garay et al. (2011) supports a larger risk for 
PTB in the group with normal pH (RD −0.08, 95% CI −0.15, 
−0.01); however, the study has a substantial risk of bias 
(NOS score of 6) [30].
In the funnel plot, there is an apparent asymmetrical 
appearance of the studies with a gap in the bottom left 
corner of the graph that refers to higher risk for PTB in 
the group with normal pH (Figure 3). This is an indication 
of a possible small-study effect where small-to-moder-
ate sized studies tend to provide larger effects. In addi-
tion, half of the studies are plotted outside the pseudo 
95% confidence limits which might be an indication of 
heterogeneity and possible bias in the study results. At 
the left side of the funnel plot and at the far right side of 
the plot, we can distinguish the studies by Garay et al. 
(2011) (blue plus), Bartnicki et al. (1996) and Masood et 
al. (2013) (both blue dots) and Matijevic et al. (2010) (red 
cross), which appear as outliers compared to the rest of 
the studies [23, 30, 33, 55].
Discussion
Main findings
This is the first systematic review investigating the asso-
ciation between an increased antenatal vaginal pH >4.5 
and a PTB rate <37 completed weeks gestation, reporting 
30 mainly observational studies including 251.014 women 
in total. Of the 30 included studies, 15 were presented in a 
forest plot, including 19.220 women in total. This system-
atic review shows evidence that an increased antenatal 
vaginal pH, with the most common definition being >4.5, 
might be associated with an increased PTB rate.
Other reviews in the field have indicated an associa-
tion between PTB and infections in general, but did not 
specifically review the association between antenatal 
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Table 1: Risk of bias assessment for non-randomised studies based on Newcastle-Ottawa scale (n = 28) and for randomised studies based 
on Cochrane tool for risk of bias assessment (n = 2).
Cohort studies
First author and year  
 
Selection  
 
Comparability  
 
Outcome   Total
Exposed  Non-exposed  Ascertainment  Outcome Multiple 
pregnancy
  History 
of PTB
Assessment   Follow-up   Lost
Azargoon, 2006   *   *   *   *   *     *   *     7
Bartnicki, 1996     *   *         *   *   *   5
Bitzer, 2011     *       *   *   *   *   *   6
Chang, 1997     *   *     *     *   *   *   6
DeFalco, 2003   *   *   *   *       *   *   *   7
Faber, 1997     *   *     *     *   *     5
Figueroa, 2011   *   *   *   *       *   *   *   7
Foroozanfard, 2015   *   *   *   *       *   *   *   7
Garay, 2011   *   *   *   *       *   *     6
Gleeson, 1989   *   *   *   *   *     *   *   *   8
Hantoushzadeh, 2014   *   *   *     *     *   *   *   7
Hauth, 2003   *   *   *   *   *     *   *   *   8
Hengst, 1992     *   *         *   *     4
Hillier, 1995   *   *   *   *   *     *   *   *   8
Hoyme, 2000     *     *       *   *     4
Hoyme, 2010     *     *       *   *     4
Jazayeri, 2002   *   *   *   *   *     *   *     7
Krauss-Silva, 2014   *     *   *   *   *   *   *     7
Masood, 2013   *   *   *   *   *     *   *   *   8
Matijevic, 2010   *   *   *   *   *   *   *   *   *   9
Minkoff, 1987   *   *   *   *       *   *   *   7
Onderdonk, 2003   *   *   *   *   *   *   *   *   *   9
Paternoster, 2002   *   *   *   *       *   *   *   7
Saling, 1999         *     *     *     3
Schwab, 2015   *   *   *   *     *     *     6
Sendag, 2010   *   *   *   *   *     *   *   *   8
Simhan, 2003   *   *   *   *       *   *     6
Case-control study
First author 
and year
 
 
Selection  
 
Comparability  
 
Outcome   Total
Case 
definition
  Case 
selection
  Controls 
definition
  Controls 
selection
Multiple 
pregnancy
  History 
of PTB
Ascertainment  Comparability  Lost
Cauci, 2005   *     *   *   *     *   *     6
RCTs
  Sequence 
generation
  Allocation 
concealment
  Blinding for participants 
and personnel for 
preterm birth
  Blinding for 
outcome assessors 
for preterm birth
  Incomplete 
outcome data for 
preterm birth
  Selective 
outcome 
reporting
  Other 
sources 
of bias
Gjedingen, 2000              
Sungkar, 2012              
vaginal pH and PTB [7]. A Cochrane review investigating 
the effectiveness of antenatal screening for genital tract 
infections for the prevention of PTB presented evidence 
of moderate quality to support screening for particular 
pathogens, but the review was based on only one study 
that did not include pH screening [57, 58]. Therefore, a 
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carefully planned RCT is still required to answer the ques-
tion, whether a screening programme of the antenatal 
vaginal pH can help reduce the overall PTB rate by early 
detection and treatment of infections. Such an RCT should 
randomise women with and without PTB risk factors to 
receive in a blind manner either usual antenatal care or 
antenatal care supplemented by regular pH testing. The 
present systematic review provides the underlying evi-
dence that the antenatal vaginal pH and the overall PTB 
rate might be associated.
Strengths and limitations
This systematic review investigated a topic of great impor-
tance for care providers and researchers in the field of 
PTB prevention. One particular strength of this system-
atic review is the comprehensive search of both academic 
and grey literature, which was inclusive of all languages, 
included German and English keywords and identified 
studies in a range of countries.
Limitations of the present systematic review should 
be acknowledged. First, the included studies presented 
a large diversity in the assessment of the vaginal pH, 
including heterogenous definitions for a pathological pH. 
Together with a lack of information about the intervals of 
the measurement method, this impedes accurate compar-
isons of women with pH ≤4.5 and >4.5. Second, statistical 
heterogeneity, as manifested by a variation of particularly 
small and large effects (the latter being a particular char-
acteristic of cohort studies), is eminent across the studies 
and it may be attributed partially to the weak methodo-
logical design of some of the included studies (a high 
proportion of studies was judged for having a moderate 
or high risk of bias). Third, in about half of the included 
studies the quality of reporting precluded the extraction of 
information on important effect-modifiers, which in turn 
prevented an in-depth assessment of the statistical heter-
ogeneity in the context of a random-effects model. At the 
systematic review level, limitations arose from the incom-
plete retrieval of identified research in spite of extensive 
effort. Finally, we did not explain the patho-physiological 
mechanisms of how vaginal pH and PTBs are connected 
as there are few and partly conflicting theories on this 
topic and therefore, we decided not to present this debate 
within our systematic review.
Despite these limitations, this systematic review pro-
vides valuable information about relevant studies in the 
field, which can assist other researchers to reflect on the 
evidence about the association of antenatal vaginal pH 
and PTB.
Interpretation
Most women progress through pregnancy with a physio-
logical pH of ≤4.4 but a considerable number of women 
may present increased vaginal pH values ≥4.7 at multiple 
occasions (33%) or consistently throughout pregnancy 
(2.3%) [59]. The acid vaginal pH is largely dependent 
on the physiological presence of lactobacilli, which 
produce lactic acid and inhibit the adhesion and spread 
of pathogens [24, 60]. If an imbalance in the vaginal 
flora occurs, the number of lactobacilli declines and is 
replaced by pathological microorganisms. Causes for an 
increase of the vaginal pH are diverse. They include the 
invasion or proliferation of pathogens, such as tricho-
monas vaginalis, mycoplasma hominis or fungal infec-
tions [32, 61]. BV is a more general disequilibrium of the 
vaginal milieu, defined as a vaginal pH >4.5 and charac-
teristic vaginal discharge and odour. BV can be caused 
by a large number of different bacteria [62]. A Cochrane 
review found that antibiotic treatment can effectively 
eradicate BV in pregnancy but did not increase the rate 
of term births [15]. An increase of the vaginal pH is not 
necessarily associated with pathological processes and 
may depend on the ethnicity and individual life style 
[63–65].
Numerous risk factors which predispose for a vaginal 
pH  >4.5 are simultaneously independent risk factors for 
PTB, including, but not limited to, low socio-economic 
status, minority ethnicity and stress [5, 66, 67]. However, 
the association between increased vaginal pH and PTB 
can be largely explained by the mechanism of infection, 
which links the two variables. It has been established that 
up to 40% of all PTB are linked to genital tract infections 
[5–7]. The exact underlying mechanism and the role of 
specific pathogens remain largely unclear, but explana-
tory concepts include decidual activation and the trigger 
of the foetal immune response [6, 7].
In the studies included in this systematic review, 
the antenatal vaginal pH was frequently measured only 
once in the first or early second trimester and it might 
appear surprising that an increased vaginal pH at such 
an early stage affects the pregnancy outcome. A possible 
explanation for this is that pathogens might be already 
present at conception or very early in pregnancy, but do 
not cause early labour until the expanding membranes of 
the embryo seal the endometric cavity [6, 7]. On the other 
hand, it was argued that the foetal immune response 
might only be mature enough to contribute to the initia-
tion of labour at around 20 weeks gestation [7]. Overall, 
there is lack of evidence not only about the mechanism 
of preterm labour and birth in the presence of infection, 
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but also about the physiological transformation from 
 quiescence of the uterus throughout pregnancy to activa-
tion for labour in general [68].
The aim of this systematic review was to explore 
antenatal vaginal pH as one of the risk factors associ-
ated with PTB. This factor was chosen particularly due 
to the wide implementation of a screening programme in 
Germany, which encourages women to self-evaluate their 
vaginal pH regularly in pregnancy, particularly, if their 
history suggests an increased risk for PTB. The screening 
programme continues to be supported by health insur-
ance companies and health professionals despite a lack 
of rigorous evidence for its effectiveness. Although initial 
studies claimed a possible reduction of overall PTB rates 
from 7.7 to 6.8% in Thuringia, a later evaluation of the 
model project failed to support efficiency of the screening 
programme [17, 19].
The authors are concerned that there is a lack of evi-
dence about potential risks of this screening method, 
including overtreatment of a potentially physiological 
process, overuse of antibiotics and unnecessary intro-
duction of uncertainty and fear for women and families. 
A national screening programme without a positive risk-
benefit analysis might suggest to women that their bodies 
are inherently insufficient and without medical help and 
constant control would not be able to carry a healthy preg-
nancy to term [69]. On the other hand, if a screening of the 
antenatal vaginal pH proves effective for the reduction of 
PTB rates, then good quality evidence has to be produced 
to allow other countries to implement this strategy as part 
of their national guidelines.
Conclusion
This systematic review provides a systematic summary of 
studies on a topic with high significance to care providers 
and researchers in the field of PTB prevention. The system-
atic review indicates that an increased antenatal vaginal 
pH >4.5 may be associated with an increased risk for PTB. 
The authors highlight the need for a high-quality prospec-
tive trial designed to evaluate the effectiveness and clinical 
significance of an antenatal pH screening programme.
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